J. Comput. Struct. Eng. Inst. Korea, 31(2)
pp.97 ~104, April, 2018
https://doi.org/10.7734/ COSEIK.2018.31.2.97

pPISSN 1229-3059 eISSN 2287-2302
Computational Structural
Engineering Institute of Korea

J

S8 3 HSE 1S T2 MY XA TEEQ AMNHHAH
e -t g E

)
;
=
10
El

=
10
e,
N
pe)
o4

10
_YJ_,

A gdgtm A AAEA, CAAmetm 71 A Fet
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Abstract

In this study, a structure satisfying the fatigue constraint is designed by applying the topology optimization based on the phase
field design method. In order to predict life based on the stress value, high cycle fatigue failure theory in which stress acts within
the range of elastic limit is discussed and three fatigue theories of modified-Goodman, Smith-Watson-Topper and Gerber theory are
applied. To calculate the global maximum stress, a modified P-norm stress correction method is used. As a result, it is possible to
obtain topology optimization results that minimize the volume while satisfying the fatigue constraints. By applying the phase field
design method, a simple shape with a minimized gray scale was obtained, and the maximum stress value acting on the optimization
result became very close to the allowable stress value due to the modified P-norm stress method. While previous studies does not
consider the stress correction factor, this study proposes the determination method regarding the stress correction factor considering
loading effects related to axial stress components.

Keywords ' phase field design method, fatigue failure constraint, modified P-norm stress, lightweight design,
stress correction factor

1.M B 29 o]%(Bendsge and Kikuchi, 1988), ¢4 adA1=
B, 53 59 7IAA FRAA, A7 WY F24EA 5
A’dx A4 A (topology optimization)2 W4 34 Thekgh ofol] A&-E Ut AGHA A WHE F shukl
AAN e FRHAAAN = g AR 2] S U (density method) & A-&3led, A4 sl5 Al 2319
o7 A gethes A wliol NEAA S F2E] %3 7]k A28 A (Duysinx and Bendsge, 1998)9
e AR F Advkes ol EAT. 71| AA W gk A77F AP AT
o7 27] AA F3E Aste 7Sl AR Aoy ZJed iR FEES FAQ skeiEe e F
Aol oJEsle] 7] FFE AR §, AT Rl Axje A stzo] ZA&go A T WHEAQ] shFo] JheA|
WS wHEstolop it} ev S HAAAN S AP HA Az 8 Ar oM T FEHY, o]F & 3
Aet BA%rEol Al 218 wEsle 2] AA 344 (fatigue failure)2tz 3t} olg)3t 9= o7 A% 2A4S
==d 5 “ﬂr Bendsge<t Klkuchloﬂ 9”]’\1 Rkl L aeg 9y 7|vke] fAHAAA A g A7 EAE Bt

At (Holmberg et al., 2014). D=yl 3t A= A
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oA71M, av b AS(diffusion coefficient), w(y)E
Ao wE AL, Fe AAFAHNMY ZHZgFE
Uebdt), golzdE AN ARG gl ukgt
(phase)o] B4 wE Hl Fztoz AHoww o] wa} A4
JAyel &4 Exr} Haiint
2 AFolA AFEE Fo|=2PE AAHAAN 5H g
W= ALk Double Well Potential (DWP) <7} A&
At DWP 35 A&ahd A7 W] ¥ste F 3]
ZAA A AT o] FoIX| A ¥ (Takezawa et al., 2010), ©]dl
w2 54 gee vhga ol TdH
F(y) = aw(¢) +76J;($) g() (a: constant) (2)
fE augmented Lagrangian 35o1™, w(y) % g(v) &

7247} smooth dirac-delta &2} smooth Heaviside &<

Yehld, oS3 22 2oz xdH.

w(p) =9 (1—9)*, g(¢) = ¢ (6¢° — 159 +10) (3)

DWP g8 A8shd, A4 ¥4 o7l 0(Hl 3h = 1(&
)< XWOME’J WS of /oy kol 0°] BTt whehd AA
9 oA A% Algte] 7hsst AA ®17F 03 1Ake] 9]
e 7HAAl sl AAIATE o] Higlelng 7]E HA
*,:;1711 7IHellA EAIZF He Y99S A 2Y 4 e

To| HHY 7Helol: @ g4 4S F dde

A (Lim et al., 2014)°] o},

2.2 Modified upper bound P-norm %

P-norm S8 A7 W ¢l 93 Fos= F2E9
Pt Wslol| M 5 S-S wkdeliA ALY SEHGE
Fdsle otk P-norm S8H-2 i 7Fegt 2o &
7HA 7] wiol|, $13HAAA B ellA AA W 7RIS 913
W= AAte] 71s3Itt, P-norm $EHS dvbd o 2 o239
2ol ¥7|1¥ & o

1 1
lim(l—vz (o, (W) =0, (¥) (4)
P—co asR
1
}}m(Z(oa(w))P)P onax (V) (5)
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714, P P-norm Aol o, I = 35 stollx ] &4
5= UeRdth 2 (4), (5)elA P7t Y Z-F-, P-norm
Ho R FHHE H94 FH%e =54 A SHu
22 & 7RItk P-norm 2 (4) ¢ 2] P-norm 32l
ofafia dojzl AHA gEgho] =524 Hof SHpET} AL
& UEh= upper bound P-norm¥} 4 (5)9} Zo] A3
Sgto]l =54 Hd SH@EYG 2 ¢S UEle lower
bound P-norm®.= Uekd 4= It} Lower bound P-norm
A& Abgshe A, eakE Fol7] Set] w74 S
A 318 SYHUET= F #2 LF AAAAAN A=
@t} (Lee et al., 2016). Upper bound P-norme| 7%
28] BE AHA Aste $8E wkdd & o,
2 (DellA & F dzel, 849 Jhed NE U S
& P-norm §¥gke]l =52 o® TAste Al SHak
Hoe A2 3 Yepdth £ dFol-e= Pnorm 58 32
Aol SH@e] AolE =ol7] fAsiA oI 2] Hod
modified upper bound P-norm 3% %< A3t Ahn,
2017).

lim (7 5 (0, 6)) = 7, (4] 6)

o714, Ve AZA & (volume fraction) %S YERAH A4

g @2 0 1Akel9] @hs 7T A (4R BEEHE

7122 upper bound P-norm¥} ¥lwg w, 49| 749l

Nel| A E&3ks Fallsomm A FxE0] EAlske 49

o] SRS wedd & glom, A9A SHp 354 A
o

St AolE FY 4 drke P A B,

o

3(high) Ate]Ee] o o] 2oA &Yk} sl5 wHE3|4
o] Age AEES SN AZ(S-N curve) 2 Zojdc}, &2
AFdM s SN #AAH Al 7FA] g4 8 7Rt 3=
3 7191 modified-Goodman 715, SWT (smith, watson
and topper) 71(Dowling, 2004), Gerber 7152 AHE-
stal 1 ARE Hlasiglth o|Het I& e 7| A
543 oM &8 ZZ(stress amplitude)?} %
$-& (mean stress)? FAES et dutzlo g o

o H1
SV

)
S

o] F8 947 ZL3p] Wi, 7|E AxoA A%

Ldo] A= JIduS welsdtH(Norton, 2011).
HHEE 3l <3t 92 &2 Ay $8 R 39

W (stress range)$t #FHo] U Aoz dEAd U

AUE - QN - ASF - 4G 7

o

(Wohler, 1870). Hit 530l g+ & neslr] 98l
the3} o] 2-8H](stress ratio) 2 A Ygitt.
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oS &
HgkE ezl fl8iA B2l Basquin 4% AM-gT}
Sih—o =5/ (27,)" 8

o714, 8/ = I= A% < (fatigue strength constant)
oW, B4 A I A A=(S9,,
strength) & AHEEIT}. V= ol B2 9, vE IR A=
2| 4=(fatigue strength coefficient) & <] &},
Modified-Goodman 715&, SWT 7|, Gerber 3| & 7|52

ket 2ol 242k 21 (9), (10), (1D FdE 5 vt

ultimate tensile

S st ©
Sl_o=+0o,la,+a7,) (10)
O-(l (o 2
e En oy
TEE Agete W 3HH Y 1Fo] AR I&E
BE(S,, yield strength) #& 23k s, 71F A
Uehhes 32 7188 35 A A aldd 995 5

H
o= HoJgt 4= 9l o] 9L A oA P (safe area) =
A3}l modified-Goodman 715S 283l F2og
T o33 2o A Fogk s8ud B3 4 (8)<

S | 1A R (12)
< —_ <
‘SY()‘W':O ‘Sy'u,t N ‘Sy Sy N
N < Sa'r:OSut ﬂ( < SZI )
T = Sut+r5a|r=0 Ta = r+1
Sl —0S, S,
=g < mln( alr =0%~ut y )

S, trSl_, r+1
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Fig. 1 Safe area based on the fatigue criteria
diagrams with vield strength line
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(a) Plotting range(OMPa~250.6MPa)

(b) Plotting range(25.06MPa~250.6MPa)

Fig. 2 1st principal stress plot
(maximum 1st principal stress: 250.72MPa)
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AAY 5884= A4 (volume) A3t 2oz A
otal, AloF 202 EAld] &8sk steo® HAE A
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3(a)9t (b)= A7 AAl 993 271 AA 342 vehdnt
AA 49 712, A2 A7 47 200mm, 100mmelH,
A7 9ol Agd #3 24 Imm 719 FAE
QUAD4 84% FAsIth e 134 2 ol 4] gHd
Al5=(Young's modulus)& 210GPa, ZoF5H](poisson's ratio)
= 0.33, I& 382 350MPa, =3 A A=} 12 7te
e 500MPa®] BAAE A-&siinth. 2 (1)¢] Gl
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COMSOL= AHE3KaL, #HAst duelEe Matlab 7154
Z2a9E o g3t

200mm
100mm 1Hr
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(a) Design domain

(b) Initial design

Fig. 3 Modeling for fatigue stress constrained problem
for cantilever beam design
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Fig. 4 Topology of optimization results for various
life cycle requirements(o,, =0).
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Fig. 5 Topology optimization results for various fatigue
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Fig. 7 Topology optimization results considering the
stress correction factor
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